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(57) ABSTRACT

A system for extracting liquid from a pipeline includes a
flexible elongate member having a first end and including a
conduit having an intake port proximate the first end for
receiving the liquid. The system also includes a camera
arrangement attached to the first end of the flexible elongate
member, and a connection arrangement disposed between the
camera arrangement and the first end of the flexible elongate
member. The connection arrangement including at least one
opening in fluid communication with the intake port such that
the liquid can pass through the opening and into the intake
port.

12 Claims, 4 Drawing Sheets
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SYSTEM FOR EXTRACTING LIQUID FROM
A PIPELINE AND METHOD FOR
PRODUCING SUCH A SYSTEM

TECHNICAL FIELD

The present invention relates to a system for extracting
liquid from a pipeline and a method for producing such a
system.

BACKGROUND

Gas utility companies expend countless resources ensuring
that the gas services remain present and are safely maintained
for their customers. Pipe systems used for the transmission
and distribution of natural gas often experience intrusion of
water. This is particularly common in gas mains operating at
low pressures—e.g., pipe systems pressurized to about one
pound per square inch (psi) or less—due to the lack of suffi-
cient pressure to stop water from entering the main through
cracks, leaking service connections, and other leaking pipe
features. Although most common in low pressure pipelines,
this problem occurs in higher pressure pipelines as well.
Water can fill the entire interior area of the pipe, forming a
“slug” or “pocket”, and can restrict service to large groups of
customers, or travel down the service lines and damage end
user equipment. Once a service has been restricted, in order to
turn it back on, the utility company must locate and remove
the water blockage from the main, gain access into each
customer’s home and check the integrity of the entire line
prior to reinstating gas service.

Once water enters a main it is difficult to remove. In order
to remove water from the mains, utility companies may exca-
vate the ground to expose the pipe and tap a hole in the main
to determine if water is present at the location of the excava-
tion. If water is present, additional holes are tapped to deter-
mine the extent of the water located in the main. Once the
extent is determined, a vacuum truck, designed to pump and
store water, may be used to evacuate the mains via one of the
tapped holes. Additional tapped holes may be necessary to
evacuate all of the water if the lowest point in the pipe has not
been exposed during excavation.

Another approach for water removal involves the utiliza-
tion of a camera which is inserted into the main via one of the
tapped holes. A camera provides a better means to locate the
water in the pipe. Once the water is located using the camera,
a second hole is tapped and a tube is fed into the second hole.
The camera remains in the main and the tube is pushed to the
camera. The tube is used to evacuate whatever water comes in
contact with the end of the tube. Although this may be an
improvement to operating blind, it has inherent, and rather
severe, limitations. For example, even when using a camera,
it can be extremely difficult for operators to accurately locate
and place the tube directly in the water. It is also a matter of
trial and error, and often luck, to position the end of the tube
in the location that will yield the most effective pumping. The
tube, which may be made of a light polymer tends to curl
before it reaches the water, and therefore, even if the operator
is fortunate enough to locate the tube at or near the site of the
water incursion, the end of the tube may not be on the bottom
of the pipe, or even in contact with the water. Moreover,
making the second hole for the tube is time consuming and an
additional expense. Indeed, the entire process of tapping a
hole and inserting a camera to locate the water, tapping a
second hole, inserting the tube, and finally removing the
water—assuming the tube can be properly positioned—is
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time consuming and inefficient. Therefore, a need exists for a
system to overcome these and other problems associated with
existing devices.

SUMMARY

Embodiments of the present invention allow water to be
located and removed much more efficiently and quickly than
prior art systems. Embodiments may include a system for
extracting liquid from a pipeline. The system may include a
flexible elongate member having a first end and including a
conduit having an intake port proximate the first end for
receiving the liquid therein. A camera arrangement is
attached to the first end of the flexible elongate member, and
a connection arrangement is disposed between the camera
arrangement and the first end of the flexible elongate member.
The connection arrangement includes at least one opening in
fluid communication with the intake port such that the liquid
can pass through the opening and into the intake port.

Embodiments of the present invention may also include
system for extracting liquid from a pipeline that includes a
flexible elongate member as described above. The system
may also include a camera arrangement disposed outward
from the first end of the flexible elongate member. A connec-
tion arrangement connects the camera arrangement to the first
end of the flexible elongate member and is configured to
facilitate passage of the liquid therethrough and into the
intake port.

Embodiments of the present invention may further include
a method for producing a system for extracting liquid from a
pipeline such as described above. The system may include a
conduit arrangement having an intake port for receiving the
liquid therein, a camera arrangement, and a connection
arrangement configured to connect the camera arrangement
to the conduit arrangement. The method may include extrud-
ing a conductor with the conduit arrangement such that at
least a portion of the conductor is disposed within the conduit
arrangement, and such that one end of the conductor is con-
nectable to the camera arrangement and another end of the
conductor is connectable to an output device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a system in accordance with embodiments of
the present invention;

FIG. 2 shows details of a camera arrangement and a con-
nection arrangement of the system shown in FIG. 1;

FIG. 3 shows further details of the system shown in FIG. 1;

FIG. 4 shows a side view of a camera arrangement and
conduit of the system shown in FIG. 1;

FIG. 5 shows an end view of a conduit and conductor of the
system shown in FIG. 1;

FIG. 6 shows an end view of a conduit having a protective
covering with the conductor underneath;

FIG. 7 shows a system in accordance with embodiments of
the present invention used in conjunction with a vacuum
truck; and

FIG. 8 shows a system in accordance with embodiments of
the present invention used in conjunction with a launch tube
to allow access to a live gas main.

DETAILED DESCRIPTION

As required, detailed embodiments of the present invention
are disclosed herein; however, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion that may be embodied in various and alternative forms.
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The figures are not necessarily to scale; some features may be
exaggerated or minimized to show details of particular com-
ponents. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but
merely as a representative basis for teaching one skilled in the
art to variously employ the present invention.

FIG. 1 shows a system 10 in accordance with embodiments
of'the present invention. The system 10 is used for extracting
liquid from a pipeline, such as water collected in a low-
pressure gas main. The system 10 includes a flexible elongate
member 12 having a first end 14 and including a conduit 16
for receiving and transferring the liquid out of the pipeline.
The conduit 16 may be made from a polymer, such as poly-
ethylene, and may be approximately 0.5 inches in diameter.
This keeps the overall diameter of the flexible elongate mem-
ber 12 relatively small so that it can be inserted into a small
opening in a pipeline. Other materials and sizes of conduits
that are effective for the given application may also be used.
The system 10 also includes a camera arrangement 18
attached to the first end 14 of the flexible elongate member 12.
The system 10 also includes a connection arrangement 20,
which is disposed between the camera arrangement 18 and
the first end 14 of the flexible elongate member 12. Also
showing FIG. 1, is a reel 22 onto which the flexible elongate
member 12 can be spooled.

Although the system 10 can be directly connected to other
components such as a pump 24, in the embodiment shown in
FIG. 1, it is connected to the pump 24 through a rotary union
26. A fluid line 28 connects the pump 24 to the rotary union
26, while another fluid line 30 connects the pump 24 to a
barrel 32 for collecting the liquid pumped from the pipeline.
Also shown in FIG. 1 is a connection between the system 10
and an output device 34, which, in the embodiment shown in
FIG. 1 is a compact subsystem containing power supplies for
the camera and lights, a variable light control, a video-out
connector and a video monitor. The output device 34 is con-
nected to the system 10 through data and power cable 36,
which is also connected to the rotary union 26.

FIG. 2 shows a portion of the system 10 in detail. Specifi-
cally, it shows a portion of the flexible elongate member 12,
the conduit 16 and the camera arrangement 18. The camera
arrangement 18 includes a camera 38 and a plurality of LED’s
40 used to illuminate an object viewable by the camera 38,
which, in at least some applications, will be a pool ofliquid in
a pipeline. The camera 38, like all of the elements of the
system 10 which are intended to enter a pipeline, can have a
small minimum dimension—in this case a diameter—to
ensure that the system 10 can enter pipelines through a very
small opening—e.g., a 1.5 inch diameter opening. As
explained below in conjunction with FIG. 8, this allows the
system 10 to be used in live gas mains so that service does not
need to be cut during the water extraction process.

Also shown in FIG. 2 is an intake port 42 in the conduit 16
located proximate the first end 14 of the flexible elongate
member 12. The connection arrangement 20 includes a coil
spring 44 that has a plurality of openings 46 between the coils
47, which allows liquid to pass through the connection
arrangement 20 and into the intake port 42 of the conduit 16.
By having the camera arrangement 18 disposed outward from
the first end 14 of the flexible elongate member 12, and by
having it connected with a connection arrangement having a
plurality of openings, such as the coil spring 44, the system 10
is able to combine the features of visual inspection and liquid
extraction. Specifically, one end 58 of the spring 44 is con-
nected to the first end 14 of the flexible elongate member 12,
while another end 60 of the spring 44 is connected to the
camera arrangement 18. A screen, mesh or other porous mate-
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4

rial may be used in conjunction with the spring 44 to keep
solid material from plugging the conduit 16. Other types of
connection arrangements may also be used. For example, in
place of the spring 44, a generally solid material with one or
more openings to allow liquid to flow through to an intake
port of a conduit can also be used.

The flexible elongate member 12 further includes a cover
48, which is disposed over at least a portion of an outside
surface 50 of the conduit 16. The system 10 also includes a
conductor 52, which, in the embodiment shown in FIG. 2, is
a flat flexible cable capable of transferring power and data
between the camera arrangement 18 and an output device,
such as the subsystem 34 shown in FIG. 1. As shown in FIG.
2, one end 54 of the conductor 52 is attachable to the camera
arrangement 18 while another end 56—see FIG. 1—is con-
nected to the output device 34 through the rotary union 26 and
the additional cable 36. For much of its length, the conductor
52 is disposed between the cover 48 and the outside surface 50
of the conduit 16. This helps to protect it as the flexible
elongate member 12 travels through a pipeline. Once it exits
from beneath the cover 48 and travels to the camera arrange-
ment 18 where it is terminated, the conductor 52 is further
protected by the connection arrangement 20, and in particu-
lar, the spring 44. In other embodiments, a wireless camera
may be used, especially one operating at 900 MHz or above,
which may be necessary to get a signal through the cast iron
pipes used for many gas mains.

FIG. 3 shows a portion of the system 10 including the
camera arrangement 18 and a portion of the flexible elongate
member 12. Shown with the spring 44 removed from the
connection arrangement, two tie members 62, 64 are shown
connecting the flexible elongate member 12 and the camera
arrangement 18. Specifically, a transition member 66 is
attached to the conduit 16, either to the outer surface 50, or as
shown in FIG. 3 to the cover 48. The transition member 66
includes a plurality of threads 68 configured to receive coils
47 proximate one end 58 of the spring 44. The tie members 62,
64 are attached to the transition 68 member 66 through aper-
tures. For example, one end 72 of the tie member 64 is
attached to the transition member 66 through an aperture 70
shown in FIG. 4, it being understood that a similar aperture is
located on the opposite side of the transition member 66 for
attachment of the tie member 62. A portion of the camera
arrangement 18 is configured similarly to the transition mem-
ber 66. In particular, a plurality of threads 74 are configured to
receive coils 47 proximate the other end 60 of the spring 44,
and an aperture 76 (see FIG. 4) is configured to receive the
other end 78 of the tie member 64.

One of the purposes of the tie members 62, 64 shown in
FIG. 3 is to ensure that the spring 44 is not stretched too far
when the system 10 is being inserted into and removed from
a pipeline. Therefore, the tie members 62, 64 are made from
an inextensible material so as to limit any extension of the
spring 44. As used herein, “inextensible” does not mean that
the tie members 62, 64 are made from a material that has no
capacity to stretch regardless of the force applied; rather, it
includes materials that may elongate a small amount in the
presence of a large tensile force, but which are significantly
less extensible than the spring 44. Therefore, the tie members
62, 64 may be made from metal, or from a polymer or other
material that serves the intended purpose. As noted above, a
connection arrangement, such as the connection arrangement
20, need not include a spring. In some embodiments, one or
more tie members, such as the tie members 62, 64 may be
used in place of a spring.

Embodiments of the invention also include a method for
producing a system, such as the system 10 described and
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illustrated above. The method may include, for example, the
step of extruding a conductor with a conduit arrangement
such that at least a portion of the conductor is disposed within
the conduit arrangement. FIG. 5 shows a conduit arrangement
78 that includes a conduit 80 and a conductor 82, such as a
five-wire flat flexible cable, wherein the conductor 82 has
been extruded into a wall 84 of the conduit 80. This provides
protection for the conductor and allows it to safely be attached
to a camera arrangement, for example the camera arrange-
ment 18, on one end and an output device such as the sub-
system 34 on the other end. FIG. 6 shows a conduit arrange-
ment 86 configured similarly to the conduit 16 and cover 40
described in conjunction with the system 10. The conduit
arrangement 86 includes a conduit 88 having outside surface
92 and a cover or jacket 93 disposed around the outside
surface 92. A conductor 90, which is also in this illustration a
five-wire flat flexible cable, is not disposed within a wall of
the conduit 88, but rather is located between the jacket 93 and
the outside surface 92 of the conduit 88. This can be achieved
by extruding or “overmolding” the jacket 93 over the conduit
88 and the conductor 90.

FIG. 7 shows a system 10" in accordance with an embodi-
ment of the present invention, where the prime symbol (') is
used to denote elements similar to those shown above in
conjunction with the system 10. In this embodiment, the fluid
line 28' is not connected to a separate pump, but rather is
connected to a vacuum truck 94 which is capable of pulling
the water out of a pipeline through the system 10, and storing
itin its self-contained tanker 95. FIG. 8 shows another system
10" where the double prime symbol (") is also used to denote
elements similar to those with the same number labels shown
and described above. As shown in FI1G. 8, the camera arrange-
ment 18" is disposed in a pipeline 96 well below a surface 97
of the ground.

One of the advantages of embodiments of the present
invention is that it can enter a pipeline, such as the pipeline 96
through a very small opening—see the opening 98 in FIG. 8,
which may be no more than 1.5 inches in diameter. Also
shown in FIG. 8 is the system 10" being used in conjunction
with alaunch tube 100 of the type thatis described in U.S. Pat.
No. 7,551,197B2 entitled “Pipeline Inspection System”, and
issued on 23 Jun. 2009, which is incorporated herein by
reference. The launch tube 100 not only works in conjunction
with a saddle valve 102 to allow entry of the system 10" into
the pipeline 96 without shutting off the gas, but also provides
a smooth transition for the camera arrangement 18" as it
changes direction from nearly vertical to nearly horizontal.
Thus, not only do embodiments of the present invention pro-
vide the advantages of a combination of visual inspection and
water extraction, they also allow water extraction to take
place from a live gas main with little or no gas escape.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the invention. Rather, the words used in the specifi-
cation are words of description rather than limitation, and it is
understood that various changes may be made without depart-
ing from the spirit and scope of the invention. Additionally,
the features of various implementing embodiments may be
combined to form further embodiments of the invention.

What is claimed is:

1. A system for extracting liquid from a pipeline, compris-
ing:
aflexible elongate member having a first end and including

a conduit having an intake port proximate the first end

for receiving the liquid therein;

a camera arrangement attached to the first end of the flex-
ible elongate member; and
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a connection arrangement disposed between the camera
arrangement and the first end of the flexible elongate
member, and including at least one opening in fluid
communication with the intake port such that the liquid
can pass through the opening and into the intake port, the
connection arrangement including a coil spring having
one end connected to the first end of the flexible elongate
member and another end connected to the camera
arrangement, and a tie member connected between the
flexible elongate member and the camera arrangement,
the tie member being substantially inextensible, thereby
providing a limit to extension of the spring, and

wherein the flexible elongate member further includes a
transition member connected to the conduit and includ-
ing a plurality of threads configured to receive coils
proximate one end of the spring, and an aperture dis-
posed therein for receiving one end of the tie member,
the camera arrangement including a plurality of threads
configured to receive coils proximate another end of the
spring, and an aperture disposed therein for receiving
another end of the tie member.

2. The system of claim 1, wherein the flexible elongate
member further includes a cover disposed over at least a
portion an outside surface of the conduit, the system further
comprising a conductor atleast a portion of which is disposed
between the cover and the outside surface of the conduit, one
end of the conductor being connectable to the camera
arrangement and another end of the conductor being connect-
able to an output device.

3. The system of claim 2, wherein the camera arrangement
includes a camera and at least one light positioned to illumi-
nate an object viewable by the camera, and

wherein a portion of the conductor is disposed through the
connection arrangement and transfers power and data
between the camera arrangement and the output device.

4. A system for extracting liquid from a pipeline, compris-
ing:

aflexible elongate member having a first end and including
a conduit having an intake port proximate the first end
for receiving the liquid therein;

a camera arrangement disposed outward from the first end
of the flexible elongate member; and

a connection arrangement connecting the camera arrange-
ment to the first end of the flexible elongate member and
including a coil spring connected to the flexible elongate
member and the camera arrangement, and having
spaced-apart coils forming a continuous helical opening
to allow liquid to enter between the coils at any radial
position around the connection arrangement, the con-
nection arrangement further including a tie member con-
nected between the flexible elongate member and the
camera arrangement, the tie member being substantially
inextensible, thereby providing a limit to extension of
the spring, and

wherein the flexible elongate member further includes a
transition member connected to the conduit and includ-
ing: a plurality of threads configured to receive coils
proximate one end of the spring, and an aperture dis-
posed therein for receiving one end of the tie member,
the camera arrangement including a plurality of threads
configured to receive coils proximate another end of the
spring, and further including an aperture disposed
therein for receiving another end of the tie member.

5. The system of claim 4, further comprising a conductor

disposed along a length of the flexible elongate member, one
end of the conductor being connectable to the camera
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arrangement and another end of the conductor being connect-
able an output device at another end.

6. The system of claim 5, wherein a portion of the conduc-
tor is disposed through the connection arrangement and trans-
fers power and data between the camera arrangement and the
output device.

7. The system of claim 4 further comprising a pump con-
nected to the conduit for pumping the liquid out of the pipe-
line through the conduit.

8. A method for producing a system for extracting liquid
from a pipeline, the system including a conduit arrangement
having a transition member and a conduit with an intake port
for receiving the liquid therein, a camera arrangement, and a
connection arrangement including a substantially inexten-
sible tie member and a spring having spaced-apart coils form-
ing a continuous helical opening to allow liquid to enter
between the coils at any radial position around the connection
arrangement, the connection arrangement being configured
to connect the camera arrangement to the conduit arrange-
ment, the camera arrangement including a plurality of threads
configured to receive coils of the spring, and further including
an aperture disposed therein for receiving an end of the tie
member, the method comprising:

disposing a conductor proximate a wall of the conduit such

that atleast a portion of the conductor is disposed: within
awall of the conduit or on a portion of an outside surface
of a wall of the conduit, and such that one end of the
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conductor is connectable to the camera arrangement and
another end of the conductor is connectable to an output
device;

connecting the tie member between the camera arrange-

ment and the conduit arrangement; and

connecting the spring between the camera arrangement

and the conduit arrangement, including: disposing coils
of the spring onto the threads of the camera arrangement,
and connecting one end of the spring to the transition
member.

9. The method of claim 8, further comprising disposing a
cover over at least a portion of the conductor and the outside
surface of the conduit.

10. The method of claim 8, wherein the step of disposing a
conductor proximate a wall of the conduit includes extruding
the conduit and the conductor together such that the at least a
portion of the conductor is disposed within the wall of the
conduit.

11. The system of claim 1, wherein the flexible elongate
member further includes a conductor disposed within a wall
of the conduit.

12. The system of claim 1, wherein the flexible elongate
member further includes a conductor disposed outside a wall
of'the conduit, and a cover disposed over at least a portion of
the conductor and at least a portion of the conduit.

#* #* #* #* #*
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